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Abstract 
This paper reviews the use of socially interactive robots to assist in the therapy of children with autism. The extent 
to which the robots were successful in helping the children in their social, emotional, and communication deficits 
was investigated. Child-robot interactions were scrutinized with respect to the different target behaviours that are to 
be elicited from a child during therapy. These behaviours were thoroughly examined with respect to a child’s 
development needs. Most importantly, experimental data from the surveyed works were extracted and analyzed in 
terms of the target behaviours and how each robot was used during a therapy session to achieve these behaviours. 
The study concludes by categorizing the different therapeutic roles that these robots were observed to play, and 
highlights the important design features that enable them to achieve high levels of effectiveness in autism therapy. 
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Introduction 
Autism is a developmental disorder that encompasses a large variety of disorders with 
impairments in social relationships, communication, and imagination, and with the severity and 
nature of the symptoms varying from one individual to another. Autism is a life-long disorder for 
which no cure has yet been found. With early intervention, much can be done to improve the 
quality life of those who are afflicted. Several therapeutic approaches have been attempted over 
the years. However, due to the nature of the disorder and the large variations in the symptoms, no 
single approach can be established as the best one since the therapy model that may work well 
with one child may not work well at all with another. 
 
In this survey, we present the emerging works on social robots in the therapy of children with 
autism. We first give an overview of autism and its rate of occurrence in many countries in the 
world. Next, we describe each robot’s features and their respective effects on a child with autism. 
We then highlight the behaviours that the robots were tasked to evoke from a child. Finally, we 
discuss the roles and the therapeutic benefits of social robots for children with autism. The 
present account was intended to provide introductory-level information for robot designers as 
well as to familiarize clinicians and parents of children with autism with the recent developments 
in robot technologies and how these can be helpful in therapy.  
 
Autism’s triad of impairments 
The core impairments in Autism Spectrum Disorder (ASD) are often described along three key 
dimensions [1,2]: 
 Social relationships/interaction: These difficulties range from complete indifference 
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towards other people to a desperate need to make friends, but not being able to do so 
due to the inability to understand social cues, others’ behaviours, and feelings [3,4]. 
There is an absence of the mentalizing ability (or the ‘Theory of mind’ [5]) in many 
individuals with autism, that is the ability to form an understanding about what other 
people are thinking or feeling. Social situations are extremely challenging and result in 
the individual wanting to avoid interaction altogether. Abilities to make eye contact, to 
interpret feelings, to understand the tone of voice, and to read facial expressions all lack 
in an individual with autism, all of which affect the normal development of social 
relationships. As a result, children with autism often find difficulty in cooperative play 
with other children. Instead, they prefer to continue with their own repetitive activities 
that eliminate participation of others [6]. Impairments in social and environmental 
exploration prevent these children from learning many fundamental skills and hinder 
their developmental progress. They may also show a lack of interest in physical 
interaction, have discomfort while making eye contact, and lack emotional sensitivity 
towards other children’s reactions to them [6]. 
 Social communication: Difficulties in this area include both verbal and non-verbal 
communication [4]. Speech may be completely absent in some cases, or may be present 
but with impairments in tone and pitch variation. This gives rise to impairments in the 
use of intonation and also a lack of understanding of other people’s use of it [3]. 
Speech, when present, may be repetitive and focused on the individual’s own obsessive 
ideas rather than having relevance to the conversation. This is a direct consequence of 
the inability to read into the deeper meaning of what is being said or done. This 
impairment also manifests in the form of the inability to initiate and contribute to 
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conversations. For all individuals, typically developing or those with autism, non-verbal 
communication, such as facial expressions, body language and social cues, are not 
innate but are learnt with time from one’s social environment [3]. Therefore, an 
individual with autism can exhibit a limited understanding and expression of emotions, 
gestures, body language, and other cues. These have serious consequences in their 
social communication abilities. 
 Imagination: Deficits in imaginative and conceptual skills sometimes lead to the 
inability to generalize the skills that have been learnt in isolation and to think in abstract 
terms. These result in a rigid way of thinking and doing things, repetitive activity, and 
narrow interests [4]. For children with autism, changes in routines are often met with 
anxiety and distress [3]. These changes could encompass variations in play patterns, 
food choices, activity schedules, and other daily activities. Their preference for rigid 
patterns and routines in activities may be a reflection of their attempts to make sense of 
the world around them [6]. Alongside this rigidity, there could also be a lack of 
imagination and play skills, and difficulties in incidental learning. This has the most 
profound impact on the daily lives of these children and their families, since it strongly 
affects how these children are managed at home and in schools [6].  
 
The impairments and the typical difficulties encountered by the children with autism are 
summarized in Figure 1.  
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Figure 1. The triad of impairments in Autism Spectrum Disorder (ASD) 
 
According to the current classification scheme in DSM-IV [1], the umbrella term Pervasive 
Developmental Disorders (PDD)1 has been used to describe a wide spectrum of disorders, 
including autism and Asperger’s syndrome [8]. 
 
Asperger’s Syndrome is at the higher functioning end of the autism spectrum. Individuals with 
this syndrome have to learn specific rules about what kind of behaviour is appropriate in order to 
succeed socially [9,10]. Instead of naturally developing the ability to interpret social cues, they 
                                                          
1However, in the soon to be published revised diagnostic criteria described in DSM-V [7], the term ASD is expected to replace 
PDD. Until then, both the terms are used and understood to mean the same. 
IMPAIRMENTS IN IMAGINATION 
 
 Difficulty in thinking in abstract terms 
 Inability to imagine situations that are not a part of 
the daily routine 
 Repetitive behaviours or play patterns 
 Limited set of interests and activities 
 Inability to generalize skills learnt in isolation 
IMPAIRMENTS IN SOCIAL 
COMMUNICATION 
 Difficulty in using and understanding verbal and 
non-verbal language 
 Limited or no speech 
 Abnormal delay in language development 
 Repeated babbling of the same words 
 Absence or abnormality of facial expressions 
 Inappropriate or no variations in tone of voice 
 Inability to initiate conversations 
IMPAIRMENTS IN SOCIAL 
INTERACTIONS 
 Inability to handle their own emotions and recognize 
others’ emotions 
 Feel distressed if they are required to participate in 
group activities. They prefer to be alone 
 No or inadequate mentalizing ability 
 Rarely develop relationships with others 
 No understanding of others’ facial expressions, body 
language and social cues 
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often memorize rules that govern their social behaviour in order for them to live independently 
and thrive professionally. They are capable of functioning well in everyday lives but they may 
face difficulties in social interactions [4]. They often have a limited set of interests and their 
habits may appear to be bizarre to others. They may also be very clumsy and show motor delays. 
Boys are approximately three to four times more likely than girls to be affected by Asperger’s 
Syndrome [11]. Children suffering from this syndrome do not have impaired intelligence and 
often perform from average to above average in academics [12]. 
 
It must be mentioned that not every child with autism or Asperger’s Syndrome shows all these 
impairments to the same degree; each exhibits a subset of the symptoms with varying intensities 
[6,13]. According to DSM-IV, for a child to be diagnosed with ASD, the child must show at least 
6 of the symptoms across the categories in the impairment triad [8,14], with at least 2 symptoms 
from impairments in social interactions, and one each from impairments in social 
communication and impairments in imagination [1]. A child can be diagnosed with autism by the 
age of 3 only after the child has exhibited all of the three impairments. The diagnosis and 
assessment of ASD involves a multi-disciplinary team of specialists and clinicians, and the use 
of specialised clinical interviews and observation techniques [7]. Currently, no single root cause 
of these impairments has been identified. Some researchers [13] believe that the impairments 
associated with ASD have multiple, largely independent causes at the genetic, cognitive, and 
neural levels.  
 
Rate of autism occurrence 
The Center for Disease Control and Prevention estimated the rate of autism occurrence to be 1 in 
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every 88 children in the United States [15]. In South Korea, the estimate was about 1 in every 38 
children [16]. According to Singapore’s Autism Resource Centre, the figure in Singapore is 
estimated to be 24,000 in a population of 4 million [17]. Of these, 5,472 are children under the 
age of 19 years. In general, it was observed that ASD occurrence is more common among boys 
than girls (1 in 54 in boys and 1 in 252 in girls), and is extended to all races and ethnicities [18]. 
 
Other researchers have attempted to quantify the number of people affected by autism (Table 1; 
[19]). Some of the previous studies may not have produced completely reliable results due to a 
variety of reasons: lack of qualified professionals for the diagnosis and poor healthcare facilities 
being the major ones. Results are also influenced by the differences in approaches used to 
identify cases of autism [19]. 
 
Table 1  Estimated rates of occurrence of autism in different countries 
Study City, Country Site Information Number of cases per 10,000 people Ages Diagnosis 
Al-Farsi Y.M. et al, 
2010 [20] 
Muscat, Oman One hospital at Sultan Qaboos 
University 
1.4 Up to 14 
years 
ASD 
Baron-Cohen S. et al., 
2009 [21] 
Cambridge, United 
Kingdom 
96 schools in Cambridgeshire County 94 5 to 9 
years 
ASD 
Fombonne E. et al., 
2006 [22] 
Montreal, Canada 55 schools in Montreal 64.9 5 to 17 
years 
PDD 
Kawamura Y., 2008 
[23] 
Toyota, Japan One center in Toyota 181.1 5 to 8 
years 
PDD 
Oliveira G et al., 
2007 [24] 
Lisbon, Portugal Random sampling from schools in 
Portugal 
16.7 6 to 9 
years 
ASD 
Parner E.T. et al., 
2011 [25] 
Perth, Australia Western Australia Register for 
Autism Spectrum Disorders 
51 Up to 10 
years 
ASD 
Parner E.T. et al., 
2011 [25] 
Copenhagen, 
Denmark 
Danish National Psychiatric Registry 68.5 Up to 10 
years 
ASD 
Paula C.S. et al., 2011 
[26] 
Sao Paulo, Brazil Schools and health services in 
Atibaia, Sao Paulo 
27.2 7 to 12 
years 
PDD 
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Social robotics and autism 
Socially interactive robots are used to communicate, express and perceive emotions, maintain 
social relationships, interpret natural cues, and develop social competencies [27,28]. Social 
robots are being used as tools to teach skills to children with autism, to play with them, and to 
elicit certain desired behaviours from them. They create interesting, appealing, and meaningful 
interplay situations that compel children to interact with them. One of the emerging applications 
of social robotics is the therapy of children with autism [29-32]. Although several interactive 
software agents and computer-mediated therapy models have been developed for autism therapy 
to exercise different skills, such as computer-mediated imaginative story telling [33], the 
research works that will be described in the succeeding sections suggest that socially-interactive 
robots could perform much better.  
 
In recent past, interest in this field has grown tremendously, leading to research initiatives taken 
by several agencies and universities across the world to develop robots and conduct clinical tests 
on children with autism. A multitude of robots have been created, all of which vary in 
appearance, behaviour, and activities that they are capable of doing. The following sections give 
a comprehensive study of the available literatures that do not only describe the robot’s features 
and their significance, but also describe the purpose of each feature and the experimental 
methods employed to achieve them. 
 
Robot design features 
The design and functionalities of the robot have a significant influence on its effectiveness in 
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therapy. Children with ASD may show more receptiveness towards some features but discomfort 
to others. However, it must be pointed out that although some similarities in children’s reactions 
to certain robot features do exist, due the nature of the disorder, not all children with ASD will 
react exactly the same way. 
 
To ensure the suitability of the robot’s design, several research studies have been conducted to 
elicit requirements from the actual end-user group, that is, the children with autism. However, 
since these children themselves have impaired communication, panels composed of experts, 
therapists, parents, and teachers were asked to give their feedback [34]. Other efforts have also 
been made to compile a detailed set of design requirements that are not subjective, but can be 
generalized to most of the children’s preferences [35,36]. To get the children’s direct 
perspective, some experimenters asked a large sample of normally developing children (n=159) 
to evaluate 40 robot designs using questionnaires, and analysed their responses to evaluate 
children’s attitudes and feelings towards various attributes [37]. This analysis could be used to 
distinguish between the design preferences of children with autism from their typically 
developing peers (i.e. the control group). 
 
From the study of a variety of robots used for autism therapy from the available literature, we 
categorized the robot design requirements according to appearance, functionality, safety 
requirements, autonomy, modularity, and adaptability.  
 
Appearance 
Visual appeal 
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It is vital for robots in therapy to be visually engaging for a child with autism, since these 
children are known to exhibit short concentration spans [35,36,38]. While brightly-coloured 
body parts grab attention, they must not be so bright that they over-simulate the child [35,39]. 
Different body parts can be coloured differently for emphasis. Children also find different 
shapes, lights, and mechanical rotating parts appealing [35]. However, sharp edges, ropes and 
bright colours must be avoided. 
 
Realism  
Interactions with robots are engaging for children with autism because of the reduced 
complexities as compared with human interactions. Therefore, the robot must not be too human-
like or the child may lose interest [38,40]. Complex facial expressions may also be avoided, 
alongside trivial features such as eyebrows and eyelashes to enhance simplicity. While most of 
these children are uncomfortable in making eye contact and may feel threatened by the robot’s 
eyes, some seem to be attracted to this feature [41]. As such, these children can be encouraged to 
initiate and maintain eye contact. However, this must be a modular feature since this preference 
varies considerably from child to child [38]. A balance must be considered to ensure that the 
robot is not so human-like that the child feels threatened and not so mechanical that the child 
gets more interested in examining the robot’s mechanical parts [42]. However, it is essential that 
the child is always aware that the robot is, indeed, a mechanical being and not a human. 
 
Size 
Therapists have found that the most appropriate size for a therapeutic robot must be roughly the 
size of the child who is undergoing therapy [43]. Since the targeted user of the robot is a child, 
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making the robot the same size as himself/herself will allow for easier and more enjoyable 
interaction and play. Eye contact is easier to make since the heights are similar. The skills they 
learn with such a robot can then be extended to other children. Additionally, a robot that is 
approximately the size of the child can be less intimidating [36]. 
 
Anthropomorphic, non-anthropomorphic or non-biomimetic 
In the robotic therapy projects that have been undertaken to date, a wide range of robot types has 
been employed. The robots are either intended to possess an acute resemblance to humans 
(anthropomorphic), or they are designed as animals or cartoon-like toys (non-anthropomorphic), 
or they are designed to not resemble any biological species (non-biomimetic). This variation, as 
summarized in [44], ranges from human-like androids, to cartoon-like mascots, to mechanical 
humanoids, to animal-like robots, to non-humanoid mobile robots. Children diagnosed with 
autism tend to avoid interactions with others. Thus, experiments have been undertaken to 
evaluate the response to humanoid versus non-humanoid robots. Results show that children have 
a general fondness for non-humanoid designs [40]. Children tend to show greater stimulation in 
response to robots with pet-like or cartoon-like features [35,45-47]. They also respond positively 
to non-biomimetic robots such as mobile, vehicular robots [35,38]. On the other hand, humanoid 
robots may be preferred in some cases because it is felt that imitation and emotional skills taught 
through these robots are easier to generalize to other humans. Robots with overly mechanized 
appearances may also not derive the best results since too many exposed mechanical parts can 
cause the child to shift focus from the interaction itself [45,48].  
 
Functionality 
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Sensory rewards 
For a child with autism, it is important that the correct execution of a task is encouraged to 
ensure that the child feels rewarded for the achievement [38]. A task may appear to be trivial to a 
typical adult or child, but it may take much effort for such a child to execute it as instructed. 
Hence, explicit positive feedback proves to be highly beneficial. This encouragement can be 
given in the form of sensory rewards, such as the lighting up of the robot’s body part, or the 
playing of some music, or the robot’s clapping [35]. Children find these rewards extremely 
intriguing and encouraging [34,35]. 
 
Locomotion 
Many robots use locomotion to attract a child’s attention. Children with autism tend to be more 
attracted towards moving things, thus making the robot’s ability to move an important factor. 
Experiments have shown that they prefer to play with interactive, robotic toys rather than passive 
toys [49]. Mobile robots have been shown to elicit positive behaviours from these children 
[35,50]. Furthermore, it is an additional advantage if the robot is also capable to moving other 
objects, such as kicking, throwing a ball or moving blocks [51]. These features allow for 
enhanced play scenarios to be developed since the robot is able to play an important role in the 
games [34,48].  
 
Choice and control 
A child with autism could be taught more effectively if the child has the ability to make choices 
during the interaction with the robot. For example, if the child could choose between the blinking 
of an LED or the playing of music from the robot after the child greets it as instructed, it can 
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keep the child more interested in “making the interaction happen” and give the child more 
control [38]. Control buttons on the robot could allow this feature to be implemented, such as 
pressing different buttons that leads to different consequences.  
 
Safety requirements 
Children with autism can be uncontrollably exuberant or impulsive at times. Consequently, they 
are prone to touch the robot and mishandle it. In doing so, the children may hurt themselves and 
the robot. It must be ensured that the robots have no sharp edges, do not have, fast, or jerky 
movements, in addition to minimum probability of malfunctioning. To ensure the robot’s safety, 
the robot must be robust. During a child’s meltdown, the designer can explore robot designs that 
can withstand being dropped on the floor or being thrown to a wall.  
 
Autonomy 
The robot must be able to exhibit a high level of autonomy such that the need to control its every 
action is eliminated [52]. It must be able to execute a sequence of desired motions without being 
controlled by the therapist. One button pressed on the remote should result in a series of steps 
that reflects a specific kind of behaviour needed to be communicated to the child, instead of a 
few trivial, insignificant motions [36]. On the contrary, complete autonomy may not be desirable 
since no robot can replace a human completely; the therapist must be able to decide the robot’s 
behaviour in response to the behaviour of the child. A human may lack the robot’s repetitive 
nature and its ability to exhibit only a small set of emotions, but he/she is still a better judge of 
how the robot must respond to a child’s behavior, instead of letting the robot take complete 
control of the interaction. Hence, the presence of a human in the loop is vital.  
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Modularity and adaptability 
The nature of ASD is such that each child’s interests, preferences, and capabilities may 
significantly vary from the other. Modularity allows different functionalities to be carried out for 
different children, enabling them to choose amongst robot features that can sustain their interest 
[38]. On the hardware aspect, the structure of the robot can be made modular whereby, if one 
part is damaged, there is no need to replace the entire robot [36]. The robot must also have a high 
level of adaptability to a specific environment or a child. It must be able to show a progressive 
growth in the complexity of its interactions with the child’s development [35]. This progressive 
growth in interactions, such as games, ensures that the child is continuously trained with new 
skills and abilities. 
 
Robots for autism research 
Table 2 presents a compilation of the different robots that have been studied in this survey. These 
robots are used in autism therapy for children in different parts of the world with different levels 
of success. Each has its unique appearance, design features, and interaction methods. Each is 
aimed at evoking one or more specific types of behaviours from the children being treated.  
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Table 2: Compilation of robots employed in autism therapy for children 
 Robot Figure Type Features 
1 Bobus [35] 
 
 
(©2003 IEEE. Reprinted, with 
permission, Characteristics of Mobile 
Robotic Toys for Children with 
Pervasive Developmental Disorders, 
Michaud F, Duquette A, Nadeau I) 
 
Non-
anthropomorphic 
 The robot can detect a child’s 
presence  
 Robust 
 Plays music and performs simple 
movements when the child is in close 
proximity 
 Light emitting diodes (LED) all 
around the neck 
2 CHARLIE (Child-
centred Adaptive Robot 
for Learning in an 
Interactive 
Environment) [53] 
 
(With kind permission from Springer 
Science+Business Media: Intl J Soc Rob, 
CHARLIE: An Adaptive Robot Design 
with Hand and Face Tracking for Autism 
Therapy, 2011, Buccanfuso L, O’Kane 
JM)  
 
Anthropomorphic  The robot has a head and two arms 
 Camera for face and hand detection 
 Low cost and simple hardware 
 Robust and safe 
 Automatically generates a summary 
of interactions 
3 CPAC [35] 
 
(©2003 IEEE. Reprinted, with 
permission, Characteristics of Mobile 
Robotic Toys for Children with 
Pervasive Developmental Disorders, 
Michaud F, Duquette A, Nadeau I) 
 
Non-
anthropomorphic 
 Has a tail, arms and LED eyes 
 Robust and modular, with removable 
parts 
 Can rotate on itself 
 Can dance on a press of a button 
 Maintains close distance to child 
using sensors 
4 Diskcat [35] 
 
(©2003 IEEE. Reprinted, with 
permission, Characteristics of Mobile 
Robotic Toys for Children with 
Pervasive Developmental Disorders, 
Michaud F, Duquette A, Nadeau I) 
 
Non-
anthropomorphic 
 
 
 Cat-like with fur exterior 
 Whiskers made of resistive bend 
sensors 
 Can play games like “Simon says” 
 LEDs in place of eyes and at the 
back for visual appeal 
 Capable of dancing 
5 FACE (Facial 
Automation for 
Conveying Emotions) 
[54] 
 
(©2010 IEEE. Reprinted, with 
permission, The FACE of Autism, 
Anthropomorphic  A female android 
 The face is made of skin-like silicone 
rubber 
 Motors move artificial skin on face 
 Limited set of facial expressions: 6 
basic emotions (happiness, sadness, 
surprise, anger, disgust, fear) 
 Face and eye tracking through 
camera 
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Mazzei D, Billeci L, Armato A, et al) 
 
6 HOAP-2 [55] 
 
(Image courtesy of Prof. CM Chew, 
National University of Singapore) 
 
Anthropomorphic  50 cm tall 
 Metallic in structure 
 25 degrees of freedom: can 
open/close hands, pan-tilt head 
 Cameras used for gaze tracking 
7 Infanoid [48] 
 
(©2000 IEEE. Reprinted, with 
permission, An Epigenetic Approach to 
Human-Robot Communication, Kozima 
H, Zlatev J)  
 
Anthropomorphic  Upper torso robot 
 Size of a 4-year old child 
 Capable of directing gaze and face 
 Facial expressions with lips and 
eyebrows 
 Hand and body gestures 
 Tracks motion by video processing 
8 IROMEC (Interactive 
Robotic Social 
Mediators as 
Companions) [34,56] 
 
 
©2010 Marti P, Perceiving While Being 
Perceived, used under a Creative 
Commons Attribution licence) 
 
Anthropomorphic 
(vertical mode) 
and non-
biomimetic 
(horizontal mode) 
 
 Mobile platform 
 Interfaces for input/output: dynamic 
screens, buttons, wireless switches 
 Mask to cover the screen for 
adaptability 
 Horizontal: interaction module 
attached to mobile platform for better 
mobility 
 Vertical: interaction module attached 
to docking station for stability and 
recharging 
 
9 Jumbo [35] 
 
(©2003 IEEE. Reprinted, with 
permission, Characteristics of Mobile 
Robotic Toys for Children with 
Pervasive Developmental Disorders, 
Michaud F, Duquette A, Nadeau I) 
 
Non-
anthropomorphic 
 Elephant-shaped robot  
 Moveable head and trunk 
 Has 3 control buttons to select 
pictograms located on its back 
 LEDs to assist child in selection 
 Modular and adaptable: pictograms 
can be easily replaced 
 Robust 
10 KASPAR [41,57] 
 
©2013 Wood LJ, Dautenhahn K, Rainer 
A, Robins B, Lehmann H, Syrdal DS, 
used under a Creative Commons 
Attribution licence) 
 
Anthropomorphic  Child-sized, male 
 Head, arm, and hand movements 
 Simple facial expressions and 
gestures 
 Non-moving torso and legs 
 Presence of eyelids 
 Child-like face, plain facial colour, 
and no facial hair 
 Adaptable, suited for customizable 
therapy 
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11 Keepon [29,45] 
 
(With kind permission from Springer 
Science+Business Media: Intl J Soc Rob, 
Keepon, 2009, Kozima H, Michalowski 
MP, Nakagawa C) 
 
Non-
anthropomorphic 
 Snowman-like body, yellow in 
colour and made of silicone rubber 
 Multi-axis movement: 4 degrees of 
motion 
 Built-in microphone inside the nose 
 Has touch sensors 
 Cameras inside eyes for video 
processing 
 Expresses emotions with body 
movements: pleasure (side-to-side), 
excitement (up and down) and fear 
(vibration) 
12 Kismet [58,59] 
 
(With kind permission from Springer 
Science+Business Media: Auton Rob, 
Recognition of Affective Communicative 
Intent in Robot-Directed Speech, 2002, 
Breazeal C, Aryananda L) 
 
Anthropomorphic  Facial features for emotive 
expression: anger, fatigue, fear, 
disgust, excitement, happiness, 
interest, sadness, and surprise 
 Has a stereo active vision system 
 Cameras in eyeballs 
13 Labo-I [60-62] 
 
(Reprinted with kind permission from 
John Benjamins Publishing Company, 
Amsterdam/Philadelphia, Pragmatics & 
Cognition, Towards Interactive Robots in 
Autism Therapy, 2004, Dautenhahn K 
and Werry I) 
 
Non-biomimetic  Robust and mobile 
 Medium-sized robot (38 cm long, 30 
cm wide and 21 cm high) 
 Weighs 6.5 kg 
 Uses infrared and heat sensors 
 Vehicular structure 
14 Lego Mindstorm NTX 
[50,63] 
 
(©2013 The LEGO Group. Used with 
permission) 
 
Anthropomorphic  Sound and touch sensors for 
activation 
 Capable of motion 
 Modular: made from LEGO bricks 
 Adaptable and capable of changing 
features 
15 Maestro [35] 
 
(©2003 IEEE. Reprinted, with 
permission, Characteristics of Mobile 
Robotic Toys for Children with 
Pervasive Developmental Disorders, 
Anthropomorphic  Has illuminated keyboard for 
interaction 
 Capable of motion 
 Can play music, vibrate, and dance 
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Michaud F, Duquette A, Nadeau I) 
 
16 Nao [64] 
 
(Nao, image courtesy of Aldebaran)  
 
Anthropomorphic  50 cm tall 
 25 degrees of freedom 
 Has cameras, microphones, speakers, 
touch sensors, and LEDs 
 Capable of speech and touch 
 Can change eye colour 
17 Paro [65,66] 
(With kind permission from Springer 
Science+Business Media: Intl J Soc Rob, 
Investigation on People Living with Seal 
Robot at Home, 2012, Shibata T, 
Kawaguchi Y, Wada K) 
 
Non-
anthropomorphic 
 Seal-like appearance with white fur 
body 
 Tactile sensors to detect human 
contact 
 Speech recognition and detection of 
sound source direction 
 Vertical/horizontal neck movements 
 Front/back paddle movements 
 Eyelid movements for facial 
expressions 
18 Pekee [67] 
 
(Pekee, image courtesy of Wany 
Robotics) 
 
Non-biomimetic  Medium-sized mobile robot (40 cm 
long, 25 cm wide, 21 cm high) 
 Automatically records the child’s 
behaviors 
 Has 3 wheels to move about 
 Obstruction avoidance while moving 
 Maximum speed of 6 km/hr 
19 Roball [35,47] 
 
(©2003 IEEE. Reprinted, with 
permission, Characteristics of Mobile 
Robotic Toys for Children with 
Pervasive Developmental Disorders, 
Michaud F, Duquette A, Nadeau I) 
 
Non-biomimetic  Spherical robot made with a plastic 
structure 
 15 cm in diameter 
 Weighs about 1.8 kg 
 Components situated on an internal 
plateau 
 Capable of navigating in all 
directions without getting stuck or 
falling 
 Interactions done using vocal 
messages and movement patterns 
20 Robota [68] 
 
 
(Figure reprinted with permission from 
Taylor & Francis Ltd: Assistive 
Technology, Building Robota, 2007, 
Billard A, Robins B, Nadel, J, 
Dautenhahn K) 
 
Anthropomorphic  45 cm high, 14 cm wide doll 
 Weighs 1.5 kg 
 Head rotation 
 Arm and leg movement (up and 
down) 
 Coordinated and individual eye 
motion  
 Uses speech processing and video 
processing for motion tracking 
 2 modes: as a puppet and as a 
dancing toy 
20 
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21 Tito [46,47] 
 
(With kind permission from Springer 
Science+Business Media: Auton Rob, 
Exploring the Use of a Mobile Robot as 
Imitation Agent, 2008, Duquette A, 
Michaud F, Mercier H) 
 
Anthropomorphic  60 cm tall and is plainly colored (red, 
yellow, blue) 
 Has feet and legs but uses wheels for 
motion 
 Can move arms, head, and mouth 
 Can express a few simple emotions 
 Uses camera and microphone 
 Generates vocal messages 
 Different body parts can be 
illuminated 
 Has a vocabulary of 25 words 
22 TREVOR (Triadic 
Relationship EVOking 
Robot) [36] 
 
(©2010 IEEE. Reprinted, with 
permission, Detailed Requirements for 
Robots in Autism Therapy, Guillian N, 
Ricks D, Atherton A et al) 
 
Anthropomorphic  Toddler-sized 
 Can grasp and move objects 
 Modular: made of LEGO bricks 
23 Troy [36,69] 
 
(©2010 IEEE. Reprinted, with 
permission, Detailed Requirements for 
Robots in Autism Therapy, Guillian N, 
Ricks D, Atherton A et al) 
 
Anthropomorphic  Upper-body robot, size of a 4-year 
old child 
 64 cm tall, with 30 cm arm length 
 Moveable arms with 4 degrees of 
freedom 
 Weighs 7 kg, has a platform base 
 30 pre-programmed actions 
 Moveable screen face 
 Can move objects 
 Can speak and sing 
21 
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Eliciting target behaviours in therapy 
The purpose of conducting therapeutic child-robot interaction sessions is to enable the 
children to overcome their deficiencies and gain a better understanding of the world. These 
interactions are aimed at improving the children’s social skills, emotional awareness, and 
their communication with the environment and people around them. To achieve these 
objectives, therapy sessions are composed of activities that can result into positive behaviours 
from children with autism. This section describes these behaviours and how the robots elicit 
such behaviours during the therapy sessions. 
 
Imitation 
Imitation plays a significant role in the transfer of knowledge to the child from an external 
source. A child not only learns new physical and verbal skills but also explores his/her social 
environment through imitation. The child also picks up new behavioural traits through this. 
Imitation activities help to develop a cross-modal mapping mechanism in children [48]. They 
also improve hand-eye coordination and enable the children to recognize the people around 
them as their social peers, whose actions they can imitate. These activities are so important 
that nearly every robot in Table 2 uses imitation in therapy to treat a child with autism. A 
robot teaches this skill to a child by engaging him/her in simple imitation games [34], which 
if executed successfully, allow the child to receive sensory rewards and encouragement from 
the robot.  
 
Eye contact 
It has been shown that eye gaze can be more useful than verbal communication in order to 
distinguish between children with autism and a control group of children with moderate 
learning difficulties [70]. Eye contact and eye gaze form a vital part of social development 
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since they are used to maintain face-to-face interactions. Eye contact serves not only to 
monitor each other’s state of attention and emotion, but also to establish mutual 
acknowledgement. Since the ability to make and maintain eye contact is naturally deficient in 
a child with autism, the robot’s intervention becomes highly valuable.  
 
Joint attention 
The act of sharing attentional focus is called joint attention [48]. It is the joint action of two 
individuals looking at the same target through eye gaze or pointing by means of hand 
gestures. The ability to maintain focus on a single object is naturally inhibited in children 
with autism, causing joint-attention activities to be especially difficult for them. During the 
child-robot interactions, the robot is used to guide the child’s attention to a specific object 
such that the child is easily able to follow the direction of the robot’s gaze. As progress is 
made, the child is able to initiate the act of guiding the robot’s attention too and may even 
extend this behaviour in order to interact with the therapist [45]. This makes joint attention 
activities very promising in robot-assisted autism therapy. 
 
Turn-taking 
Children with autism find it extremely difficult to share things and indulge in normal 
conversations involving taking turns with others [44]. They are generally known to ramble 
unstoppably about their own obsessive ideas without giving consideration to their partner in 
the conversation. Activities with therapeutic robots help children develop turn-taking ability, 
teaching them to wait for responses from a partner before they say or do something. This can 
be achieved by engaging the child in simple games with the robot, such as the child kicking a 
ball to the robot, followed by the robot kicking the ball back to the child [51]. Another is the 
chase-and-avoid game where the child takes turns to first chase a mobile robot and then 
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avoids it as it follows [61]. Using toy robots in group trials also allow the child to learn to 
wait for his or her turn to play with an object [71]. 
 
Emotion recognition and expression 
It has been observed that children with autism find it very hard to read and interpret facial 
expressions and body language [1,4]. Interactions with others can involve excessive sensory 
stimulation, causing severe distress to the child with autism. Child-robot interactions are 
markedly different since the robots are programmed to show only a small set of basic 
emotions. These are communicated to the child with simple, indulging activities, hence 
eliminating any sensory overload [41,47]. Many of the aforementioned robots use simple 
designs and limited facial expressions to project minimal emotions to the child in therapy. 
 
Self-initiated interactions 
Another deficiency commonly found in children with autism is their difficulty to ask for 
things that they need [44]. They find it extremely difficult to initiate interactions themselves. 
Consequently, they may resort to violent behaviour or tantrums. During the therapy sessions, 
the clinician encourages the child to ask for toys that the child may want to play with instead 
of handing the toy over easily. Robots have also been designed to train children for self-
initiation [47,53,64,67,68], performing an action only after the child has pressed a button or 
made a sound. The resulting action of the robot serves as a reward for the child and 
encourages the child to initiate interactions not just with the robot but outside the therapy 
session as well. 
 
Triadic interactions 
A triadic interaction is one that involves a child, a robot, and another companion [44]. The 
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goal of all child-robot interactions is not just for the child to learn the required skills in 
therapy sessions but to generalize those lessons to the people around them. Eventually, the 
objective must be to improve the child’s social interaction and communication with peers and 
not with the robot only. Experiments have shown that the presence of robots helps elicit 
triadic interactions from a child, such as when a child looks to the therapist to share 
excitement about the robot’s actions [45]. Such interactions also instill self-initiation and 
joint attention skills, and prove to be of great benefit for a child with autism. For some 
children, simple realizations, such as becoming aware that the robot is being controlled 
remotely by the therapist, have also evolved into triadic interactions with the therapist [68]. 
 
Child-robot interaction experiments 
The dependence of behaviour elicitation on a robot’s design features is shown in Table 3. 
These clinical experiments were conducted to determine the therapeutic value of robots in 
autism therapy for children.  
 
Different therapy models have been used in the experiments. These include: 
a. Single versus repeated interactions: The experiment may be performed once or a 
number of times to obtain the results. 
b. Structured versus free-form interactions: Structured interactions involve the presence 
of a therapist as an active member in the activity. Free-form interactions allow the 
child to interact with the robot with no interaction from the therapist, unless 
necessary. 
c. Individual versus group experiments: The experiment may be performed on an 
individual or multiple individuals. 
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The experimental data also contains the autism diagnosis of the child in therapy. The child’s 
age may be given both in terms of the chronological age (CA) and mental age (MA). The 
difference between the two is an indicator of the severity of the disorder [72]. Chronological 
age is the number of years an individual has lived and mental age is the age at which the child 
is performing intellectually. These diagnostic details are important to mention since the 
effectiveness of a therapeutic technique cannot be made independent of the nature of the 
child’s disorder.  
 
This compilation can be helpful because it shows the suitability of a particular robot in terms 
of the results obtained from the experiments conducted so far. It enables one to determine the 
robot features that are favourable for eliciting a specific behaviour from a child participant in 
therapy, hence allowing for the design of a suitable therapeutic robot. Robot designers can 
derive considerable benefit from this compilation since it allows them to focus on the design 
process, with knowledge about the therapeutic effectiveness of their design. 
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Table 3: Experimental data to show the dependence of behaviour elicitation on robot design features 
Targeted behaviour Robot Participants Therapy Model Method Findings 
Imitation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Keepon [45] A 3-year old girl, diagnosed with autism 
with moderate mental retardation  
 Individual interactions 
 Structured 
 Repeated interactions 
(15 sessions over 5 
months) 
 The child and the caregiver were 
seated with Keepon on the floor 
 Unconstrained interaction: no 
instructions were given 
 The interaction was allowed to 
continue until the child lost 
interest 
 The child was attracted to the bobbing and 
rocking gestures of Keepon 
 The child initiated an imitation game by 
mimicking the robot’s body movements 
 
 
 
 
 
FACE [73] 4 subjects (3 males and 1 female), aged 
between 7-20 years, all diagnosed with 
high-functioning autism 
 Individual interactions 
 Structured 
 One interaction 
 The subjects can interact with 
FACE using a software, through a 
screen and keyboard/mouse for 20 
minutes 
 The subjects wore a sensorized t-
shirt for recording physiological 
data, since emotions may have 
been difficult for them to 
communicate 
 The subjects were tested for 
spontaneous imitation of FACE’s 
facial expressions and gestures 
 The results were evaluated using 
the Childhood Autism Rating 
Scale (CARS) (by comparing with 
CARS rating from the previous 
therapies) 
 
 3 out of 4 subjects demonstrated a decrease 
in imitation score on CARS scale, which 
signifies an improvement in imitative 
behaviour 
Robota [74] 
 
 
 
 
 
 
4 children with autism, aged between 5-
10 years  
 Child A, aged 5, used only 2-3 
words 
 Child B, aged 6, had limited 
verbal expression 
 Child C, aged 10, had no verbal 
 Individual interaction 
 Structured 
 Repeated interactions 
(9 trials on an average) 
 
 The robot sat on a table. The 
therapist operates the robot. The 
interaction continued as long as 
the child showed interest (average 
duration: 3 minutes) 
 The robot was operated in dancing 
mode in initial sessions for 
 The total number of occurrences of 
imitation from children yielded a score 
 The score showed an overall increasing 
trend, with the highest increment at the 
endmost trials 
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 language and severe learning 
difficulties 
 Child D, aged 10, had verbal 
language but little attention and 
motivation 
familiarization, and then changed 
to puppet mode later for imitation 
games 
 Robot progressively changes 
interactions from instructed to 
unconstrained 
 
KASPAR [41] 
 
 
A boy, aged 16, lacked focus, was 
aggressive and could not tolerate other 
children 
 
 
 Individual interactions 
(12 weeks) 
 Structured 
 Repeated interaction 
 KASPAR was placed on a table, 
the investigator and the child were 
seated in front of the robot 
 The therapist initiated an imitation game 
 At first, the subject controlled the robot 
and the therapist imitated it 
 Then the therapist controlled the robot and 
the subject imitated it 
 The subject observed as the therapist 
imitated and learnt those actions 
 The subject showed interest in the robot 
and explored its features 
 The subject refused to let go of KASPAR’s 
remote control 
 
 Trial by pairs (another 
child joins the session) 
 Repeated interactions 
(12 weeks) 
 Structured 
 KASPAR was placed on a table; 
the investigator and the child were 
seated in front of the robot 
 
 After learning the imitation game from the 
therapist in the earlier session, the subject 
became less resistant to social play 
 The subject continued to play the same 
game with the second child 
 
Eye contact 
 
 
 
 
 
 
 
 
Keepon [45] 
 
 
 
 
 
 
 
 
 
Control group: 25 typically developing 
children in 3 age groups: 
 0-1 year (N=8, Average 9 months 
old) 
 1-2 years (N=8, Average 16.5 
months old) 
 Over 2 years (N=9, Average 37.3 
months old) 
 Individual interactions 
 Structured 
 The child and the caregiver were 
seated with Keepon on the floor 
 Unconstrained interaction: no 
instructions were given 
 Interaction allowed to continue 
until the child lost interest 
 The robot detected the human 
faceand maintained its gaze on the 
child 
 
The differences in interactions showed 
differences in ontological understanding 
between age groups: 
 0-1 year: Showed indifference to the 
robot’s attempts to make eye contact 
 1-2 years: Showed awareness of the robot’s 
gaze direction 
 Over 2 years: Engaged in coordinated eye 
contact on realizing that the robot 
responded to their actions 
 
A 3-year old girl, diagnosed with autism 
with moderate mental retardation 
 Individual interactions 
 Structured 
 Repeated interactions 
(15 sessions over 5 
months) 
The subject averted the robot’s gaze in the first 
few sessions but started looking into its eyes 
directly as she grew familiar with it 
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Robota [74] 4 children with autism, aged between 5-
10 years  
 Child A, age 5, used only 2-3 
words 
 Child B, aged 6, had limited verbal 
expression 
 Child C, aged 10, had no verbal 
language and severe learning 
difficulties 
 Child D, aged 10, had verbal 
language but little attention and 
motivation 
 
 Individual interactions  
 Structured 
 Repeated interactions 
(9 trials on an average 
for each) 
 The robot sat on a table. The 
therapist operates the robot 
 Interaction continues as long as 
child shows interest (average 
duration: 3 minutes) 
 Robot progressively changes 
interactions from instructed to 
unconstrained 
 The total number of occurrences of eye 
contact from children yielded a score 
 The child was given a chair to interact with 
the robot on day 1 and day 8 
 The score was highest for these days but 
showed an increasing trend from trial 3 
onwards 
Nao [75] A boy, aged 10 years, had IQ in the 
average to above average range; high 
functioning autism 
 Individual interaction  
 Free-form but in the 
presence of the class 
teacher for a 
comforting presence 
 Single interaction 
 Robot executed 5 modules 
(duration = 14 mins 30 seconds): 
1. Introductory rapport 
2. Talking 
3. Arm movement 
4. Song play and eye blink 
5. Song play and arm movement 
 The trial was aborted if the child 
became uncooperative 
 The child’s behaviour in class was 
evaluated to compare against the 
trial data 
 A Gilliam Autism Rating Scale 2nd 
Edition (GARS-2) behaviour score 
was sheet used to evaluate the 
child’s behavior 
 A subset of items were utilized to 
suit the experiment’s needs 
 
 Noticeable increase in the child’s eye 
contact was seen: the child avoided the 
teacher’s eye gaze but looked at robot 
easily, especially when the robot changed 
eye colour, talked or when arm movements 
were made 
 The child showed improvements in 
stereotypical behavior, communication and 
social interaction 
 Other children in the same IQ group 
predicted to show the same response to 
Nao 
 
HOAP-2 [55] 64 18-month old infants with no known 
developmental problems; half of them 
female, the other half male 
 Divided into Groups A and B 
 
 Individual interactions  
 Structured (Group A) 
Free-form (Group B) 
 The robot was placed on a table 
 The child was seated in the 
parents’ lap in front of the table 
 Group A was exposed to the 
robot’s abilities and they observed 
the experimenter interacting with 
the robot (imitation and eye gaze 
following activities) 
 Group B had no previous 
interaction with the robot 
 Group A performed better since infants had 
previously witnessed the robot’s actions 
and abilities 
 Group A was able to focus on the robot’s 
eye gaze better than Group B 
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 Hidden speakers next to the 
robot’s feet emitted a tone to get 
the child’s attention before the 
experiment started 
 The robot moves its head laterally 
and maintained gaze at an object 
for 6 seconds before moving again 
 Scoring: +1 for correct target look, 
-1 for incorrect look 
 
KASPAR [41] A boy diagnosed with severe autism; 
interacted with family but not with 
anyone at school. The boy isolated 
himself 
 Individual interactions 
 Structured 
 Repeated interaction 
 KASPAR was placed on a table, 
with the investigator and the child 
seated in front of it 
 The child engaged in tactile 
exploration of the robot’s features 
 The child showed fascination with the 
robot’s eyes and eyelids, and often touched 
and explored them 
 This later led to the child touching his own 
eyes and face and as well as his therapist’s 
eyes and face 
 
Joint attention 
 
 
 
 
Keepon [45] Control group: 25 typically developing 
children in 3 age groups: 
 0-1 year (N=8, Average 9 months 
old) 
 1-2 years (N=8, Average 16.5 
months old) 
 Over 2 years (N=9, Average 37.3 
months old) 
 Individual interactions 
 Structured 
 The child and the caregiver were 
seated with Keepon on the floor 
 Unconstrained interaction: no 
instructions were given 
 The experiment was allowed to 
continue until the child lost 
interest 
 Keepon oriented towards the target 
by directing its gaze (up/down, 
left/right) to it 
The differences in interactions showed 
differences in ontological understanding 
between age groups 
 0-1year: Showed indifference to the robot’s 
attempted attentive action 
 1-2 years: Showed awareness of the robot’s 
attentive actions 
 Over 2 years: Actively coordinated their 
attention with the robot 
KASPAR [41] A boy diagnosed with severe autism; 
interacted with family but not with 
anyone at school. The boy isolated 
himself 
 Individual interactions 
 Structured 
 Repeated interaction 
 KASPAR was placed on a table, 
with the investigator and the child 
seated in front of it 
 The child engaged in tactile 
exploration of the robot’s features 
 The child turned to the therapist and smiled 
after an interaction with KASPAR 
 The robot acted as an object of joint 
attention: the child gazed and smiled at the 
therapist in response to KASPAR 
Emotional attention and 
expression 
 
Keepon [45] 
 
Control group: 25 typically developing 
children in 3 age groups: 
 0-1 year (N=8, Average 9 months 
old) 
 1-2 years (N=8, Average 16.5 
months old) 
 Over 2 years (N=9, Average 37.3 
months old) 
 Individual interactions  
 Structured 
 The child and the caregiver were 
seated with Keepon on the floor 
 Unconstrained interaction: no 
instructions were given 
 The experiment was allowed to 
continue until the child lost 
interest 
The differences in interactions showed 
differences in ontological understanding 
between age groups 
 0-1 year: Showed a positive response to 
emotive actions, e.g. laughing 
 1-2 years: Mimicked emotive actions 
 Over 2 years: Coordinated emotional 
activities with the robot, such as expression 
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 The robot expressed emotions 
about its attention target by fixing 
gaze on it, and rocking left to 
right, or bobbing up and down 
of fondness by soothing its head 
A 3-year old girl, diagnosed with autism 
with moderate mental retardation 
 Individual interactions 
 Structured 
 Repeated interactions 
(15 sessions over 5 
months) 
 
 The child engaged actively in expressing 
fondness for the robot by actions such as 
placing a knitted cap on its head and 
kissing the robot 
A boy, aged 3 years, diagnosed with 
Asperger’s syndrome with mild mental 
retardation  
 Individual interactions 
 Structured 
 Repeated interactions 
(15 sessions over 9 
months) 
 The child slowly changed from treating 
Keepon violently to defending it from 
strangers and other children.  
 The subject indulged in conversations with 
the robot, and asked the robot about its 
health 
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FACE [73] 4 subjects (3 males and 1 female) 
between 7 and 20 years old, all 
diagnosed with high-functioning autism 
 Individual interactions 
 Structured 
 Single interaction 
 The subjects could interact with 
FACE using a software, through a 
screen and keyboard/mouse for 20 
minutes 
 The subjects wore a sensorized t-
shirt for recording physiological 
data since emotions may have 
been difficult for them to 
communicate 
 The subjects were tested for focus 
of attention on FACE 
 The results were evaluated using 
the CARS (by comparing with 
CARS rating from the previous 
therapies) 
 
 
 All the subjects demonstrated a decrease 
(in emotional response score on CARS 
scale) of between 1 and 0.5 points, which 
signifies an improvement in emotional 
behaviour 
Vocalization 
Keepon [45] Control group: 25 typically developing 
children in 3 age groups: 
 0-1 year (N=8, Average 9 months 
old) 
 1-2 years (N=8, Average 16.5 
months old) 
 Over 2 years (N=9, Average 37.3 
months old) 
 
 Individual  
 Structured interactions 
 The child and the caregiver were 
seated with Keepon on the floor 
 Unconstrained interaction: no 
instructions were given 
 The experiment was allowed to 
continue until the child lost 
interest 
 The child was encouraged to 
develop a bond with the robot and 
to communicate with it as a friend 
during the interactions 
 
 
 
 The responses from different age groups 
were limited by their ability to speak 
 0-1 year and 1-2 years group both showed 
positive reactions such as laughing 
 Over 2 years group engaged in verbal 
interaction with robot such as asking it 
questions 
 
A 3-year old girl, diagnosed with autism 
with moderate mental retardation 
 Individual interactions 
 Structured 
 Repeated interactions 
(15 sessions over 5 
months) 
 
 The subject vocalized non-words to the 
robot as if expecting a response 
Triadic interactions 
 
 
 
 
Keepon [45] A 3-year old girl, diagnosed with autism 
with moderate mental retardation 
 Individual interactions 
 Structured 
 Repeated interactions 
(39 sessions over 17 
months) 
 The child and the caregiver were 
seated with Keepon on the floor 
 Unconstrained interaction: no 
instructions were given 
 The experiment was allowed to 
continue until the child lost 
interest 
 
 After initiating an imitation game with 
Keepon, the child looked at her mother and 
the therapist to share her wonder and 
excitement 
Labo-1 [61] 4 boys, aged between 8-12 years  Individual trials   The mobile robot plays simple  The child interacted with the robot and 
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 Free form (teacher and 
experimenter were 
present but did not 
initiate interactions) 
chasing and following games 
 The robot moves away from the 
child if he is too close 
 The robot moves toward the child 
if he is too far 
 
cleared obstacles from its path 
 The child smiled at the experimenter to 
share his excitement 
KASPAR [41] A boy diagnosed with severe autism; 
interacted with family but not with 
anyone at school. The boy isolated 
himself 
 Individual interactions 
 Structured 
 Repeated interaction 
 KASPAR was placed on a table, 
with the investigator and the child 
seated in front of it 
 The child engaged in tactile 
exploration of the robot’s features  
 The child turned to the therapist and smiled 
after an interaction with KASPAR 
 The interaction with KASPAR caused the 
child to interact with his therapist 
 The child shared positive emotions 
Self-initiated interactions 
 
 
 
 
 
Keepon [45] 
 
 
 
 
A 3-year old girl, diagnosed with autism 
with moderate mental retardation 
 Individual interactions 
 Structured 
 Repeated interactions 
(15 sessions over 5 
months) 
 
 The child and the caregiver were 
seated with Keepon on the floor 
 Unconstrained interaction: no 
instructions were given 
 The experiment was allowed to 
continue until the child lost 
interest 
 The child engaged in spontaneous dyadic 
interactions. For example, the child asked 
the therapist to put a paper cylinder on the 
robot’s head after observing another child 
do the same. 
A 3-year old girl, diagnosed with autism 
with moderate mental retardation 
 Individual interactions 
 Structured 
 Repeated interactions 
(39 sessions over 17 
months)
 The child, fascinated by the robot’s 
movements, initiated an imitation game 
with the robot 
Labo-1 [61] 4 boys, aged between 8-12 years  Trial by pairs 
 Free form (teacher and 
experimenter were 
present but did not 
initiate interactions) 
 
 The mobile robot played simple 
chasing and following games 
 The robot moved away from the 
child if he was too close 
 The robot moved towards the child 
if he was too far 
 Both children were required to 
share the robot and play together 
 The children were involved in social, 
cooperative play 
 The first child learned how to operate the 
robot from the experimenter 
 The second child initiated an interaction 
with the first and asked him how to operate 
the robot 
 The first child explained the procedure 
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Pekee [67] 6 typically developing children (i.e. 2 
subjects each for type A, B, and C), aged 
between 5-7 years,  
 Type A: active/boisterous; 
 Type B: average 
 Type C: passive/shy 
 Individual interactions  
 Free form but in the 
presence of an 
experimenter 
 Single interaction 
 The interaction was held inside 2 
m2 arena, enclosed by 4 walls 
 The interaction lasted between 1 - 
1.5 minutes each 
 The robot executed wandering or 
simple obstacle obstruction 
behaviour 
 Data were collected from sensor 
readings and behavioural analysis 
of video data 
 
 The results were based on the number of 
times the child interacted with the robot by 
touching and exploring it 
 Type A children were the most interactive. 
They touched, pushed and jumped over the 
robot 
 Type B children were curious about the 
robot. They followed it but did not touch it 
that much 
 Type C children were cautious of the robot. 
They touched it only once and kept their 
distance from the robot 
 
Troy [69] 2 boys (Child A, aged 3 years, diagnosed 
with ASD; Child B, aged 8 years, 
diagnosed with ASD) 
 Child B is higher functioning than 
Child A  
 both showed social impairment, 
repetitive behaviour and restricted 
interests 
 Individual interactions  
 Structured (2 clinicians 
present) 
 Repeated trials (16 
sessions over 3 months) 
 40 minutes of child-clinician 
interaction sessions, followed by 
10 minutes of child-robot 
interaction sessions were arranged. 
 Pre- and post-treatment 
assessments conducted where the 
child was to interact with the 
parent, clinicians and an 
unfamiliar clinician separately in 
the absence of the robot 
 Child A’s initiated engagements increased 
drastically from 11 before treatment to 120 
after treatment 
 Child B’s initiated engagements increased 
from 48 before treatment to 65 after 
treatment 
 Child A’s responded engagements 
increased drastically from 108 before 
treatment to 488 after treatment 
 Child B’s responded engagements 
increased from 107 before treatment to 146 
after treatment 
 
Turn-taking 
 
 
 
 
 
 
 
 
Keepon [45] A 3-year old girl, diagnosed with autism 
with moderate mental retardation 
 Individual interactions 
 Structured 
 Repeated interactions 
(39 sessions over 17 
months) 
 The child and the caregiver were 
seated with Keepon on the floor 
 Unconstrained interaction: no 
instructions were given 
 The experiment was allowed to 
continue until the child lost 
interest 
 
 The child initiated a unidirectional 
imitation game with Keepon, where 
Keepon was the imitator. The child 
observed its response and waited for his 
turn to make another action. 
Labo-1 [61] 4 boys, aged between 8-12 years  Individual trials  
 Free form (teacher and 
experimenter were 
present but did not 
initiate interactions) 
 The mobile robot played simple 
chasing and following games 
 The robot moved away from the 
child if he is too close 
 The robot moved towards the child 
if he is too far 
 
 The child made an action and waited for 
the robot’s response repeatedly until he 
understood its behaviour 
 The child observed the robot’s movements 
and learned how it worked 
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KASPAR [41] A boy, aged 16, lacked focus, was 
aggressive, and could not tolerate other 
children 
 Individual interaction  
 Structured 
 Repeated interactions 
(12 weeks) 
 KASPAR was placed on table, 
with the investigator and the child 
seated in front of it 
 
 The therapist initiated an imitation game 
 The child and the therapist took turns to 
control the robot 
 The one who was not controlling the robot 
imitated its actions 
 The same game was played with another 
child instead of a robot. This promoted 
social play, imitation and turn-taking 
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Discussion and Conclusion 
Why robots? Social robots play several important roles and benefits in the therapy of children 
with autism. Robots in autism therapy are designed to take up numerous roles, even within 
the same therapy session. Through games and engaging activities, the robots can interact with 
the children in order to train them with skills, elicit specific, desirable behaviours, and 
provide encouragement and positive feedback upon the successful completion of a task. 
Based on the literatures that we analyzed, we have categorized the roles of these robots into 
the following: 
 
As a diagnostic agent. Autism in children is hard to diagnose before the age of 3 years.  
Before that age, the higher-level behavioural patterns that need to be examined for diagnostic 
purposes have not been fully developed [76]. However, early intervention can increase the 
chances of improvements in the child’s behaviour later on. For instance, it has been found 
that eye-gaze patterns in infants can be used to diagnose autism [77]. Since these patterns 
develop well before the child has learnt to speak, robotics technology can provide a method 
for early autism detection. Moreover, a robot’s ability to reproduce the same actions from one 
interaction to another is also important in its role as an autism diagnostic agent. While 
clinicians, as experienced as they may be, can find it hard to repeat actions during 
interactions with the children, robots are able to do this by their very nature. This is essential 
since diagnosing ASD requires checking the child’s response to the same actions over a 
period of time. There have been several robots that were developed toward this direction [78-
82].  
 
As a friendly playmate. Social robots can participate in enjoyable and engaging play activities 
with children with autism [34,45,47,51,83]. As opposed to group therapy sessions, one-child-
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one-robot scenarios allow the robot to direct its entire attention to a single child, with play 
activities that are personalized to a child’s needs and preferences [41,45]. Play forms an 
integral part of a child’s cognitive and social development [84], but children suffering from 
autism or other developmental disorders are often unable to participate in such activities with 
other children due to their impaired social interaction and communication abilities [85]. 
Instead, they choose to play in isolation or in situations involving minimum social 
interaction. Play activities with social robots encourage safe, enjoyable environments, 
ensuring that the child is able to interact freely and without fear. 
 
As a behaviour eliciting agent. Robots in autism therapy act as behaviour eliciting agents. 
Important target behaviours include imitation, eye contact, turn-taking and self-initiation, as 
discussed in the earlier sections. These activities are designed to promote sensory, cognitive, 
social, emotional, and motor developments [34,45,47,83] in order to improve the deficits 
caused by the disorder. Some examples of such activities include teaching a child to initiate 
greetings, to wait for its turn to throw the ball, to follow the robots gaze to an object of 
interest, and to copy the robots movements as it dances. 
 
As a social mediator. A social robot can serve as a mediator between the child and the 
therapist by training the child with social skills with the purpose of extending the learnt 
behaviours to the child’s social peers. This is achieved with pair or group therapy sessions, 
where two or more children interact with the same robot together [51,61]. The eventual goal 
is always to enable the child to generalize the learnt social skills to their social circle, which 
includes other children, family members, therapists, and teachers [45,61,67]. 
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As a social actor. Children with autism, unlike normally developing children, are unable to 
learn social skills over time since their interaction with their environment is severely 
inhibited. These children learn context-appropriate behaviour through robots, that is, through 
indirect experience [48]. These robots serve as actors, enacting suitable behaviours in specific 
social situations to give the child opportunities to learn. The robot accomplishes this through 
its predictable but progressively changing actions [61]. 
 
As a personal therapist. The robot provides personalized therapy for every child, in 
accordance to the child’s preferences, disabilities, and needs [38]. A robot’s modular features 
allow for a customizable appearance depending on the child. For example, the robot’s eyes 
can be removed if a child feels intimidated by them. The robot also increases the complexity 
of interaction depending on the child’s progress to ensure that the child is always learning 
new skills [35]. 
 
Socially interactive robots have emerged and they have evolved into a very important therapy 
tool for children with autism. There are reasons why these robots are beneficial for autism 
therapy.  
 
Robots are less complex than humans. Because robots are simpler and more predictable, it 
would be easier for children to follow instructions from a robot than from a human. As they 
interact with robots, children with autism will not be intimidated with the complexities of 
verbal and nonverbal communication, thus making the whole communication process much 
easier [34,35,44,45,49]. Consequently, social robots can be used as tools for diagnosis and 
intervention. Social robots can also provide support for the parents and clinicians.  
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Robots make embodied interactions possible [63,68]. Due to their physical affordances, 
interactions involving tactile exploration and physical movements make the robots more 
engaging and interesting for a child [61]. Robots also naturally support multi-modal 
interactions, including gestures, speech and touch [86-88]. The ability to touch is missing in 
therapy through virtual characters and software agents, which gives robots a marked 
advantage [61]. Ideal therapy sessions involve situations that require the use of the child’s 
speech, sounds, visual cues, and movement, which makes robots more appealing [34,35,38]. 
 
Robots are less intimidating than humans. Robots not only act as playmates for children, but 
they can be used as small, colourful toys, ensuring that children can feel at ease during the 
interaction [35,37,47,65,49]. They can be programmed to adapt their behaviour in accordance 
to the specific needs of a child with whom it is interacting, hence customizing the therapy for 
a child [35,38]. While robots are programmed and are thus deterministic, they are more suited 
to the needs of predictability and repetition of a child with autism [40,46,60,68,49]. 
 
As the intent of therapy is to develop skills and competencies in a child that are used in daily-
living situations, it is critical that the use of robots in autism therapy include evaluations of 
the extent to which the target behaviours are demonstrated and sustained in social contexts, 
even without the presence of robots. Most published studies in the use of social robots in 
autism do not systematically evaluate the generalizability of the outcomes of robot-mediated 
therapy in autism. Future works can further look into this.  
 
There is much that can be done to improve the value of the research efforts and technological 
developments that continue to be directed into this emerging field. The predictors to which 
autism patients reach more positively must be explored in greater detail. This helps in 
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determining which treatment is more suited for a certain deficiency or characteristic. Real-
time collection of important user interaction information specific to the child’s preference and 
progress can also be beneficial. More emphasis must be laid on the change in a child’s ability 
to generalize behaviours to other people as a result of therapy. This is very important since 
the very purpose of therapy is to facilitate the child’s social interaction with other people, not 
just with the robots.  
 
Future research must build a foundation of theories, models, methods, and tools that can 
advance the understanding of child-robot interaction and allow experiments to be replicated 
across research groups. This will require the joint efforts of experts from all the relevant 
disciplines in order to integrate diverse sources of knowledge and skill. 
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Figure and Table Legend 
 
TABLES 
Table 1: Estimated rates of occurrence of autism in different countries 
Table 2: Compilation of robots employed in the therapy of children with autism  
Table 3: Experimental data to show the dependence of behaviour elicitation on robot design 
features  
 
FIGURES 
Figure 1: The triad of impairments in Autism Spectrum Disorder (ASD) 
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